
W'^T W( >RL D INTEL! fc< H \L PROPEP 1 V OR( , VNIZATK > Nlgg^ 

X 1 International Burea" 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07K 14/00 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/12965 

18 March 1999 (18.03.99) 



(21) International Application Number: PCT/US98/19191 

(22) International Filing Date: 1 1 September 1998 (11.09.98) 



(30) Priority Data: 

60/058,786 
60/079,384 



12 September 1997 (12.09.97) US 
26 March 1998 (26.03.98) US 



(71) Applicant (Yc all designated States except US): BIOGEN. INC. 

[US/US]; 14 Cambridge Center, Cambridge, MA 02142 
(US). 

(72) Inventor; and 

(75) Inventor/Applicant {for US onlyr. TSCHOPP. Jurg [CHCH], 
Chemm des Fontannins 10. CH-1066 Epalinges (CFL 

(74) Agent: FLYNN. Kerr\ . Biogen. Inc.. 14 Camondge Center. : 
Cambridge, MA 02142 (US; 



(81) Designated States: AL. AM, AT. AU, AZ, BA, BB, BG, BR, 
BY CA, CH, CN, CU, CZ, DE. DK, EE, ES, FI, GB, GE, 
GH t GM. HR, HU, ID, IL, IS. JP. KE, KG, KP, KR, KZ, 
LC LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT. RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY. DE, DK. ES, FI. FR, GB, GR. 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG. CI, CM. GA. GN. GW, ML, MR. NE. SN. TD. TO) 



Published 

Without international search report and to be republished 
upon receipt of that report 



i (54) Title: APRIL- A NOVEL PROTEIN WITH GROWTH EFFECTS 
; (57) Abstract 

j APRIL, a novel member of the tumor'necrosis factor familv (TNFj. modified APRILs. and pharmaceutical compositions comprising 

j them. 



FOR THE FiRPOSFS OF ISF0RMAT10S OS FY 



CoJes used to kientin States part) 



the PCI" on the front pages of pamphlets pubhs:v.:o: international apphcati. 



A I 


A:"!-' 1 - 


AM 


A IT if.: : 


■O 




\[ 




\Y. 




BA 


B r^ni- 4j)C Herv 


BB 


h.»r' .i : 


11 i 




FU 


Hurki-.j J -as* 


B(» 




HJ 


Ben:i 


BK 


lira:. 


BY 


beiar~ 


C'A 




n 


f er."j ■*.:::. an 


CG 


( "ong 


CH 




CI 
CM 


( 'amer.oi; 


CN 


China 


CL 


Cuba 


CZ 


Czech Republic 


Dfc 


Germans 


Dk 


Denmark 


EE 


Estonia 





S F ,:-. 


LS 


;.<••> 


si 


KI 




LT 


Lithuania 


SK 


FR 


France 


LI 


Luxembourg 


SN 


GA 


Gab-ir 


LV 


Lai> ;a 


sz 


GB 


{ r.:led K'l.tM rr. 


MC 


Monacc 


11) 


GL 




Ml) 


Repuhlk ' M.:» 


TG 


c;h 




M(. 


Malagas* r 


T.I 
I M 


t,\ 




Mk 




GK 


Greece 




Republic u! Ma«.ed. : 


IK 


HI 




Ml. 


Mai. 


n 


IK 


Irr.anO 


MN 


Mongolia 


l A 


n. 


Israel 


MR 


M aunt an;,-. 


I G 


IS 


L eland 


MW 


Malawi 


IS 


n 


l:ah 


MX 


Mejuc<; 


17. 




Jarai 


NE 


N:ae: 


Y\ 


kL 


Kcn\ a 


NL 


Neiherlana 


VI 


K(; 


kvreyzsiari 


NO 


Norway 


zw 


kr 


!>•- xi a: . > 


S7 


Neu ZcaUr..: 






Republic o!' Korea 


PL 


Poland 




kR 


Republic ot Koteu 


PT 


Ponugal 




kZ 


KazaJcsian 


RO 


Romania 




LC 


Saint Lucia 


Rl 


Russian f-ederauor. 




LI 


Liechtenstein 


SD 


Sudan 




Lk 


Sn Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





S'.^akii 
Senega. 

C:iaJ 



I uike> 
1 nnida.i 
t 'icrajne 
I : cand^ 
I Muted S;y 
Czbekisu: 
Viel Nan 
Yugoslav i:- 
Zimbabw" 



vVO 99/12965 



PCT/US98/19191 



APRIL- A NOVEL PROTEIN WITH GROWTH EFFECTS 

BACKGROUND OF THE INVENTION 

The present invention relates to novel hgand and polypeptides which are 
members of the Tumor Necrosis Factor Family. The novel hgand is designated April 
for "A Proliferation Inducing Ligand." These proteins or their receptors may have 
anti-cancer and/or mimunoregulatory applications. Furthermore, cells transfected with 
the genes for these novel ligands may be used in gene therapy to treat tumors, 
autoimmune and inflammatory diseases or inherited genetic Disorders, and blocking 
antitibodies to these proteins can have immunoregu!ato:\ applications 
BACKGROUND OF THE INVENTION 

The tumor-necrosis factor iTNF* related cytokines arc mediators of host 
dcten.se and immune regulation Member- o: thN lam::* c\>: m membrane-anchored 
forms, acting local !\ through eeil-lo-cell contact. o: a- s — :etea piote::> cupaoie o: 
diffusing to more distant targets A parallel tamib o; :ecept-v- MgnaN the presence o: 
these mo;ecule- leading lo the initiation ^f cell death .■: .cl.ula: pi. -h lei ation and 
differentiation m the target tissue Presenth . me TN{- :am:l\ ligatid^ and receptor- 
has at least ! . ; recognized rec epn >i - i:ga: v. ;\r.: im :::a;ng I M TNT- K. I.I -■/. I NT -I< 
LT-u/l>:LT-l>-R- KisLTas. CD40L CL)4i >. CTVm.I. < d)-v Cp:"L.CT)2". 
OX40L:OX4() and 4- i BBL 4-1BB. trance/rank L. iagra and 1 weak The I >N A 
sequences encoding these hgands have only ahoul ■ v about ?O f < uentit\ in e\er: 
the most related cases, although the amino acid relaiednesv > about 50' < 

The defining feature of this iamii\ of cytokine receptors h lound m the cysteine 
rich extracellular domain lmualK re\ealed h> tne mo.ecuiar coning oi two distiiK: 

T?Cr ILLLpiUlC 1 Till k UllllU Ul gTTTTT LllLUllL * ^ i 1 1 U M 1 U k 1 [ I *■ LJJiaikllUlL uf T>L'L 1 

transmembrane proicm- w ith an extra. ellaiar i;gan,i r::vd;ng Uomam. a single 
membrane spanning region and a cytoplasmic region m\oi\ec m activating eelluia: 
functions. The c\ steine-nch iigand binding region exhibits a tighti\ knit disuilide 
linked core domain., which, depending upon the particular lamiK member, is repeateC 
multiple times. Most receptors have four domains although, there ma> be as lew a- 
three, or as many as m\ 

Proteins in the TNI- famiU of hgands are characterized b\ a short N-termmal 
stretch ot normallv short h\drophihc amino acids, otien containing several l>-me or 
arginine residues thought to serve as stop transfer sequences. Next follows a 
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transmembrane region and an extracellular region oi xanable length, thai separates the 
C-terminal receptor binding domain irom the membrane This region is sometimes 
referred to as the "stalk". The C-iernnnal binding region comprises the bulk of the 
protein, and often, but not always, contains glycosylate sites. These genes lack the 
classic signal sequences characteristic of type I membrane proteins, type II membrane 
proteins with the C terminal domain lying outside the cell and a short N-terminus 
residing in the cytoplasm. In some cases, e.g., TNF and LT-u. cleavage in the stalk 
resion can occur early during protein processing and the iigand is then found primarily 
in secreted form. Most hgands. However, exist m a memnrane form, mediating 
localized signaling 

1 he structure <>1 these hgands ha- beer; xwli-dcimcd h\ c: > Mallo-raoim 
anaixses ol TNT. LI -u. and CTMOL TNF an,: Ixmpivoto-n u 1 .'1 o . are h-th 
structured into a sandxxich o! two ant l- parallel (-pleated Tee- wnh me ici.x nT 
Greek kcx topoiog> Tne rms deuaiion Pet wee:: :;:e ("■•• at.d P residues \, , 
suceestme. a high degree ol similarity m their moiccma: vpographx A s l: -a:tura. 
feature emerging trom molecular studies ol CD40L. TNT and LT-u is the propep.spx ... 
assemble into oiigom.eru , ^mpiexcs. hv.riP.sk :he "d^mco. omeune vie 
formation of t lie receptor binding site at the runcu-i: netuee:; tne neighboring si:i\:nPo 
a eating a mult:vaient iigand Tne quatemarx stymies TNI . ( P4uL ana 1. i 
ha\e been shown to exist as turners b\ analysis i.; :t:eir c:\Nia. sducturcs Manx o! me 
ammo acids conserxed between the dilferent hgan.ds are v; d;-eVP.c- ot tne s.aiioid 
sheen It is likei\ mat me basic sandwich structure is oieserxed m ad oi ihc*c 
molecules. >imc portions t ,i tne^e scalluid •u|Ud;eo a:c .o; : se: ved aci«»-^ . - a. 
familx members. Tne quaternary structure max al-- be maintained since tiie Mihunr 
coniormavon > hkeix to remain similar 

TNT Mpp.iN member can >vo \. d;-,rihcd :idv- -vav:io m the mvvdm 
s\ stem ,omrolimg both cell survival and diverentiation On!\ TNF and L' I u are 
currentlx reeogni/ed as secreted cxtokmes contrasting xuth me other predominant ix 
membrane anchored members ol the TNT lamiix While a memnrane lorm of TNT m^ 
been well-characterized and is likely to have unique biological roles, secreted TNT 
functions as a general alarm signaling to ceIN more distant irom the sue ol the 
triegenne event. Thus TNT secretion can amphly an event leading to the 
well-described changes in the vasculature lining and the inflammatory state oi cells. In 
contrast, the membrane bound members of the family send signals though the TNF type 
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receptors only to cells in direct contact. For example T cells provide CD40 mediated 
tk help^ only to those B cells brought into direct contact via cognate TCR interactions. 
Similar cell-cell contact limitations on the ability to induce cell death apply to the 
well-studied Fas system. 

It appears that one can segregate the TNF ligands into three groups based on 
their ability to induce cell death (Table III). First, TNF, Fas ligand and TRAIL can 
efficiently induce cell death in many lines and their receptors mostly likely have good 
canonical death domains. Presumably the ligand to DR-3 (TRAMP/WSL-1 ) would 
also all into this category. Next there are those ligands which trigger a weaker death 
signal limited to lew cell types and TWEAK. CD30 ligand and LTalB2 are examples 
of this c;ass . How this group can trigger cell death in the absence of a canonical death 
domain is an interesting question and suggests that a separate weaker death signaling 
mechanism exists Lastly, there are those members that cannot efficient]) deliver a 
death Miinal Prohabiv all groups car. have antiproliferative effects on some cell type- 
conseauent to inducing eel! differentiation eg CVUO ;Funakoshi et al.. 1^4 - 

The TNF lamily has grown dramatical;;, m recent \ears to encompass % .\ least 
1 1 different signaling pathways inv olving regulation o: the immune system. I he 
widespiead expression patterns of TWTAk and Tk AIL indicate that there i* oh mo:e 
functional variety to be uncovered in this tamilv This aspect has been especiaiiv 
highlighted recemlv in the discovery of two receptors that affect the ability oi roiis 
sarcoma and herpes simplex virus to replicate as well as the historical observations thai 
TNF has anti-virai activity and pox viruses encode tor decoy TNF receptors iBroiatscn 
et al.. 1^9b; Montgomery et al.. 199b; Smith. l^M. Yassalli. 1992;. TNF is a mediato; 
of septic shock and cachexia", and is involved m the leguiation oi hematopoietic ceil 

m developmenl 11 Up f WU I l IB 3 I IIJKU 1UIL 1 a\ a iiiiUuiui uf uillaiiiinaiiuii and 

delense against bacterial, viral and parasitic injection-" as well as having aniitumo: 
activitv TNI- is also involved in different autoimmune diseases. TNF ma> Pe 
produced by several types of cells, including macrophages, fibroblasts. T cells and 
natural killer ceil- " ' TNF binds to two different receptors, each acting through 
specific intracellular signaling molecules, thus resulting in different effects of TNF " 
TNF can exist either as a membrane bound lorm or a^ a soluble secreted cytokine 

LT-u shares many activities with TNF. i.e. binding to the TNF receptors." but 
unhkc TNF. appears to be secreted pnmanlv bv activated T cells and some F- 
lymphoblastoid tumors. M The heteromenc complex of LT-u and LT-(* is a membrane 
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bouno compiex which binds to the LT-h receptor"" The LT >>stem (LTs and LT-R • 
appears to be involved in the development oi peripheral Umphoid organs since genetic 
disruption of LT-[3 leads to disorganization of T and B cells in the spleen and an 
absence of lymph nodes. x " The LT-P system is also involved in cell death of some 
adenocarcinoma cell lines/' 

Fas-L. another member of the TNF family, is expressed predominantly on 
activated T cells."' It induces the death of cells bearing its receptor, including tumor 
cells and HIV-infected cells. b> a mechanism known as programmed cell death or 
apoptOM^' : Furthermore, deficiencies in either has or Fas-L may lead to 
lymphoprohlerative disorders, confirming the n>ic of the ha- svstem in the regulation 
oi immune spouses > The Fa- sWcm > mAoUec: ;:: h\ci damage rcvaltmg 
trom nepatPP .hromc nUcctin:; and ir. a,;n ':m:n'jmt\ m I II V -tnlcetcd paticr.P 1 he 
[- as sV ,tem > a.Mi ::n.>i\cd ::. 1 .el", -p. :r. Ill\ PaticnP TRAIL, anotne: 

member -! mi- lamiA. ai>- ^ccm* n< be mwoe.: m i:ie uciM: ■■! a w Me \aiiet> 
tian>4or:ned ce!! imes i »f d:\e:^e origin. 

CTMii L. another member ol the TN! :a:un\. e\p:es-ea - mi 1 celF and 
induce- the eeeAiialKM, (T >4< '-''vaim: r> -v. i \irtke:m^i e . aitciatv:^ m :h. 

(7)40-1. eene icsuil m a urease Known a- \ mKcd h\Pci IcM -Mi-irome ' 1 ire 
(l)4(i swem aiM- m\oi\cc in dilleicnt aa; -immune upcase^ ana ( I Uol. p 
known m na\e antmrai properties Ammm.:!. tire ("l>4o .wem i- involved m T.c 
rescue ap^ploim H cells.'" m :ion-:mma:.e .e'.P r. mumcs ap.mtosis" Man;, 
additional i\mphocy:e memner- oi ;hc I'M :a:;:i!\ aie ai^- m\"Acu in 
costimulaimm' 

Umeraliv. the memneis o: me TNT :am:l\ iiave luiklamcnu'. regulator imes m 
controliimc; the linnume vWcm and acovaP.m: a. ate host deiei^e o, stems C men me 
amen: p:-;:e^ in mampaiatmc mcp.mc: : •: . INFPpmF : - Pie: apem: . mmem p 
is likelv mat memneis of tn> famdv ma\ p: Aim umuue mean- m control disease 
Some of me hcands of tins lamiiv can due. '.a induce the apopt.oc death oi man;, 
transtormed cells e.g. L I . TNF. Fas hgaiui and TRAIL i Nagata. l^r s. Fas and. 
possibA TNF and CD30 receptor actuation Can induce cell death in nontranslormed 
lymphoc\tes winch ma\ nla\ an immunoregulatory function (Amakawaet al.. 
Nagata. 199"; Sytwu et aL. 1996. Zheng et al . !W5>. In general, death is triggered 
following the aggregation of death domains which reside on the cytoplasmic side ot th 
TNF receptors. The death domain orchestrates the assembly of various signal 
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transduction components which result in the activation of the caspase cascade uNagata. 
1997). Some receptors lack canonical death domains, e.g. LTb receptor and CD30 
(Browning et al., 1996; Lee et al., 1996) yet can induce cell death, albeit more weakly 
It is likely that these receptors function primarily to induce cell differentiation and the 
death is an aberrant consequence in some transformed cell lines, although this picture is 
unclear as studies on the CD30 null mouse suggest a death role in negative selection in 
the thymus (Amakawa et al.. 1996). Conversely, signaling through other pathways 
such as CD40 is required to maintain cell survival. Thus, there is a need to identify and 
characterize additional molecules which are members of the TNF family thereby 
providing additional means of controlling disease and manipulating the immune 
system. 

It lias been suggested thai ceriain member^ of the TNF fami!\ max 
provide therapeutic ann-tumor bene! its. lor example, m combination with II. 2. iSee. 
e.e. I'.S. 5.425.^40 i. However, to date, no compieicA ^ati^;acto:\ treatment lor 
cancer is known Combination chemotherapy, in commoni\ use: in the clinic and in 
research, tor example with antimetabolite^, aikvlatmg agents, aivuniotics. general 
poisons, etc. Such drugs arc administered ai^nc o: m combination in an attcmp: lo 
obtain a cxtotoxic effect or. cancer, and'o: u« reduce os clmur.aie the emergence oi 
driii: -res i stan t cells, and tu reduce side etiect 

SIMMARY O F T HE IN V H NTION 

Accordingly, the present invention directed to L ; no\el polypeptide relerred r - 
a> APRIL, which substantial!) obviates one or more oi the problems due to the 
limitations and disadvantages of the related art The inventors have disco\ered a new 
member of the TNF family of cytokines, and defined both the human and murine amm^ 
acid sequence of the protein, as well as the I >N A sequences encoding these protein^ 
The claimed invention may be used to identit y new diagnostics and therapeutics to: 
numerous diseases and conditions as discussed in more detail below, as well as to 
obtain information about, and manipulate, the immune system and its processes 
Additionally, the lmention max be involved in the induction of cell death in 
carcinomas 

Additional features and advantages oi the uuention w ill be set forth in the 
description winch follows, and in part w;!l be appaient :iom the description, oi mav be 
learned bv practice of the invention The objectives and other advantages of the 
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mvention will be realized and attained by the compositions and methods particular!) 
pointed out in the written description and claims nereof, as well as in the appended 
drawings. 

Thus, to achieve these and other advantages, and in accordance with the purpose 
of the invention, as embodied and broadly described herein, the invention includes 
DNA sequences encoding APRIL. Specifically, the invention relates to DNA 
sequences w hich encode human APRIL. (SEQ. ID. NO i ;. Additionally, the claimed 
invention relates to the amino acid sequences of this novel ligand. The amino acid 
sequence oi human APRIL is set forth in SLQ. ID NO.: 2. Additionally, the inventor 
Ha\e set forth herein the DNA and ammo a, id sequences ioi murine APRIL, set torth 
SLQ. IP N( )S 3 and 4 respccnvcL In other emA* >dimcno. me invention relates to 
sequences that ha\e at ieast ^<) r < homoiog\ u ;ih DNA encoding tne ( 

:erm:na! re.ebio: binding domain •>! this nganu and u ncn moridve to the caumcu 
I )\ A sequences or liagmcnts tnereoi. and win J. eiuo.ie APRIL :ia\ me tne sequence 
;aer.:::ied m SLQ. ID NO '. or a protein having Mimiai hi-> : . 'C:. ai actmt\ 

The invention m ceriam embodiments luniiermoie relate- to DNA sequences 
en.-umg APRIL wnere the sequences are ->neiat:ve.\ im'r.e.: '. • an expression ^ontro: 
sequence An\ suitable expression control sequence-* aie use!;.. ;n tne ciaimeO 
::.\ eiViion. am: uiii easii\ be selected 'A ' »nc A.L.cq m l.'ie a:" 

Tne invention also contemplates recombinant I >N V . -nibiionc a sequence 
encoding APRIL or iragmcnts thereoi. as ueh as hosts i\itr s— m\ mleeiated APRI1 
sequences mtioduced into their genome, or possessing episomai e:ements. An\ suitable 
Lost ma\ be rocd in the invention, and can easi!> be selected n\ one skiilcc, :n tne ar: 
v. lttiout undue experimentation 

In other embodiments, the nnenuon relates to method- ot piojucmc 
*./-\ i:: t;a;;\ -u:e APRII - . >::;p:>m: mc o.e: •: cm\.::::c ': .f.o >rme.: !:• ; a 

-tiier embodiments, the mention relates io APRIL esscntialb live oi nomialU 
.osodated animal proteins. 

d ue unention encompasses APRIL lieands iia\ing die ammo acid sequence 
Mentilied in SLQ. ID. NO. 2. as well as fragments or nomoioes thereoi In various 
embodiments, the ammo acM and. or the DNA sequence max comprise conservati\e 
m.semons. deletions and substitutions, as further defined beiov\ or ma\ comprise 
iragments of said sequences 
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The invention relates in other embodiments to soluble constructs comprising 
APRIL, which may be used to directly trigger APRIL mediated pharmacological 
events. Such events may have useful therapeutic benefits in the stimulation of growth, 
treatment of cancer, tumors or the manipulation of the immune system to treat 
immunologic diseases. Soluble forms of the claimed ligands could be genetically 
reengineered to incorporate an easily recognizable tag, thereby facilitating the 
identification of the receptors for these ligands. 

Additionally, certain embodiments relate to antibodies against APRIL, and their 
use for the treatment of of cancers, tumors, or manipulation of the immune system to 
treat immunologic diseases 

In vet other embodiments the invention relates to methods of gene therapy using 
the genes for APRIL as disclosed and claimed herein 

The pharmaceutical preparations ol the intention may, optionally, include 
pharmaceutical!) acceptable carriers, adjuvants, filler. ,•: other pharmaceutical 
compositions, and ma> be administered m am of the numerous forms or routes known 
in the art 

It in 10 be understood that both the toregomg general description and :ne 
following detailed description are exemplar) and explanatory, and arc intended t«' 
provide further explanation ol the invention as claimed 

The accompanying drawings are included to provide a furl tier undemanding ol 
the invention, and are incorporated in. and constitute a part of this specification, 
illustrate several embodiments of the invention, and toge;her with the description serve 
to explain the principles of the invention 

HK1HF DU.Sl M1 J 1 l U'A Uf T UC VJlK AWIHGfJ 



Figure legends 

Figure 1 A Predicted amino acid sequence of human APRIL. The predicted 
transmembrane region iTM, boxed:, the potential N-iinked glycos) lation sue (star - and 
the N-terminus of the recombinant soluble APRIL tsAPRILi are indicated Bi 
Comparison of the extras cllulai protein sequence oi APRIL and some members the 
TNT ligand familv. Identical and homologuous lesiducs are represented in black and 
shaded boxes, respective!) . TNFa. tumor necrosis tactoi . L I a, lymphotoxm . hasl. 
Fas (CT»5) ligand. TRANCE. RANK iigand 
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Figure 2 Expression of APRIL (A i Northern blots (2 pg poly A+ RNA per lane) ol 
various human tissues were probed with APRIL cDNA. (B) APRIL mRNA expression 
in various tumor cell lines: promyelocitic leukemia HL 60 ; HeLa Cell S3; chronic 
myelogenous leukemia K562; lymphoblastic leukemia Moit-4; Burkitt's lymphoma 
Raji: colorectal adenocarcinoma A459; melanoma G361. (C) APRIL mRNA 
expression in four different human tumors iT) and normal tissues (N). The !8S rRNA 
band >hows equal loading. (D) APRIL mRNA expression in primary colon carcinoma 
In m:u hybridization revealed abundant APRIL menage m human coion carcinoma Lh 
compare j: i«> normal colon iissiac Colon tumo; i;ssuc sections and aduceia" m>imal 
colon tissue were ii\bndi/ed p> antiser.se APR II ^Sdatvicc cKN A. anc, a- vonti-«. 
coior: tumo! tissue section- were aL«> k\h:;di/c.! in m'!;^' APRIL °S c R N A iiceate.- 
control '! he is;v v :i panels tl re dark iieid mi. : • -cmp!^ . lac * i v. ei i-an.e.s .ee ti.e 
corresponding light lieid microgiapns 

Pallia " Xi'Rll . siimulalcs cell grov.ti; A > aepei.Jer.' increase ■•: p: ■ -a leiap :. 
of Parka: ■ numan leukemia T celNn as determined 24 nrs a'lei addition. o: ^aanie 
APRIL ( omroL ate has hgand ikislo. TYVLAk and no hgand C onm- L-!l pan.ei. 
cell \iabi!;i\. right panel. -'ILThvmidme iiiomiyi aii^n R lntiuemc 
immunoae-leuon of FLAC-tagged APRIL or. tmnoi ,e:i crowd. The pi i lei ai*\ e 
efteci of 1 LAG-tagged APRIL is neutralized h\ ant- PLAC antibodies, hut no; n\ ant: 
m\L antibodies i (/ * Lffect of APRIL on the pro! iteration rate ol Ran -.human Burkit' 
Ivmphoma H cells,. A20 cchs 'mouse B "lymphoma ■ BJAB i human B Lmpnoma 
CDS t can me epithelial celis.. MCP ~ ■ human breast adenocarcinoma. HeLa drama:, 
cpitiieioia caic monia i and ML2ou numan meianoma I) ip.ipucii.c- ; ict^cuo 
serum concentration on APRIL-induced proiiiei ution oi Jurkat cells. 

Pigure-L APRIL accelerates tumoi growth. i.\ > Characteit/ation oi APRIL- 
transiected NIH 3T3 clones. FLAG- APRIL leveL ol the various clones were anaiy/ev 
by Western blotting using an anli-FLAG antibody The arrow points to the APRIL 
protein, the high molecular weight protein is detected non-specnically B) APRIL- 
expressing NIH-3T3 clones grov* faster than mock-tran.sleced clones. iC) IncieascC 
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tumor growth of APRIL-expressing NIH-3T3 clones. N1H-3T3 cells ( 1 x 10 ? cells) 
and APRIL (NIH-AP. 2 different clones) transfectants ( 1 x 10 6 cells) were injected 
subcutaneously into nude mice, and tumor growth monitored. 

Figure 5. An alignment of the human and mouse APRIL amino acid sequences 
showing the extensive identity between the two proteins. Identical residues are marked 
with the overlaying dot. The underlined residues represent a potential N-linked 
glycosylation site. The intiating methionine is considered a likely start site, however, it 
is possible that in frame methionines further upstream may serve as the actual start sue. 
for example, in the human sequence 

DE TAILED DESCRIPTION 

Reference will now he made in detan to t::c piemen' prelerrcd embodiments 
the invention This invention, relates to DN A sequences mat code n> : human o: mouse 
APRIL, fragments and homologs tnereoi. and expicssion oi tnose UNA sequences m 
hosts transformed with then. The imeniion relates to iiso oi these DN-\ sequence^ 
and the peptides encoded h\ then: Additional ! \ the m\enm>n encompass-- n«>ti; 
human and :nou-e ammo as id sequence^ : an : \PRIi ■ - ::aen:er.t- meie.*:. a- wall 
as pharmaceutical compositions a omprisinc o: dc:;\cJ mmi mem I he i mention 
relates to methods of stimulating ceil growth w ::n APRIL, oi . alternatn el\ . mctnods o; 
inhibiting mmorogenesis using antibodies directed against APRIL oi reccptoi oi 
APRIL 

A DEFINITIONS 

"Homologous", as used herein, relers io the sequence similantx between; 
sequences oi molecules being compared v\ Ren a position m notn ol me two compared 
sequences is occupied by the same base or ammo acid monomer suhumt. e.g.. il a. 
position in each ot two DN A molecules is occupied by adenine, then, the moiecuics are 
homologous at that position. The percent ot homologv between two sequences n a 
function ot the number of matching ^r homologous positions shared! b\ the two 
sequences divided by the number of positions compared \ 100. Eorexampie.il o ol 1 ( > 
ot the positions in two sequences ate matched .»r homologous then ttic two sequence- 
arc b() r i homologous By way ol example, the DN A sequences ATT( it V and 
TATGGC share 5() r i homolog\ ("ieneraik. a .ompaiison is made when :w. -equalise 
are aligned to gi\c maximum homoiogv 
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As used herein, (he term "cancer- refers m any neoplastic disorder, includinc 
such cellular disorders as. for example, renal cell cancer. Kaposi's sarcoma, chronic 
leukemia, breast cancer, sarcoma, ovarian carcinoma, rectal cancer, throat cancer, 
melanoma, colon cancer, bladder cancer, mastocytoma, lung cancer, mammary 
adenocarcinoma, pharyngeal squamous cell carcinoma, and gastrointestinal or stomach 
cancer Preferably, the cancer is leukemia, mastocytoma, melanoma, lymphoma, 
mammary adenocarcinoma, and pharyngeal squamous cell carcinoma 

A ' purified preparation' or a "substantially pure preparation" of a polypeptide, 
as used herein, means a polypeptide that has been separated trom other Proteins, lipids, 
and nucleic acids with which n naturally occurs Preterubh. me polypeptide is also 
separated lroni other substances, e.g.. antibodies, mati.ees. eh vv iucn are used to 
pi!P.:> it 

•-Iianslormeu host" as usee herein is men: ■ eia omp^s am h.oM with s;ab!\ 
integrated sequence, re a sequence crwouu., •\PKI1.. '.nti oj„. e,; mm ho genome 
A ' treatment' . as used herein, includes a :n therapeutic treatment, e.g.. live 
administration, of a therapeutic agent or Mibstaiue. e g . a drag 

A •substantial:, pure n ideic acid . e : ,. -.;'>onu..i.% cure I >\ -V o a nuclei, 
acid which is one or both ot . ' . not imn.cd.atci;. ..mticuous v itn ei he; one or both oi 
the sequeiues. e.g.. coding sequences, with which i: :•• tmmemulclv contiguous .i.e. 
one at the 5 end and one at the 3 end. m the n.nuodo -vcurrtng genome ol the 
organism iron, which ttte nucieic acid is dcrt'e.:. •: - ■ •••:.:/!. \- simsianmdlv tree ..| .. 
nucleic acui sequence with which it occurs m t'ne organism lr.«m which me nucieic acid 
,s -derived Th.c term includes, to. example. a uvombinant UNA ult.cn n incorporate.: 
into a vector, e it., into an aun-nomousiv rephcatmg ruasmid or virm. or into the 
ceuomic DNA ol a prokaryote or eukary-te. ot which exists .o a separate molecule 
_• aPNA or a genomn DN A n.mmc!.- tm >.::.. ec. b\ PCK •>: re-tr etion 
ndomuciease treatment » independent ol other DN A sequences Substantially pure 
DNA ais., includes ■ recombinant DNA wlncl: > par: o! a hvbral gen: encoding 
APRIL 

The terms peptides' . proteins . and polypeptides' are used mterchangeabU 

herein 

••Biologically active" as used herein, means having an in vivo or in vitro activity 
which mav be performed directly or indirectly Biologically active fragments ot 
APRIL may have, for example. 70* amino acid homology with the active site of 
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APRIL, more preferably at least 80 c 7. and most preferably, at least 90 r r homology 
Identity or homology with respect to APRIL is defined herein as the percentage of 
amino acid residues in the candidate sequence which are identical to the APRIL 
residues in SEQ. ID. NOS. 2 or 4. 

"Ligand" as used herein genencally refers to APRIL. The practice of the 
present invention wall employ, unless otherwise indicated, conventional techniques of 
cell biology, cell culture, molecular biology, transgenic biology, microbiology, 
recombinant DNA, and immunology, which are within the skill of the art. Such 
techniques are described in the literature 

Introduction: 

APRIL, a novel member of the TNT famiA. is described in detail here::: The inventors 
ha\e found that whiie transcript of APRIL arc of low abundance m normal tissues, high 
leveN of mRNA arc detected it. several tumor cell lines. ^ well as m colon carcinomas, 
metastatic lymphomas and th\r«ud tumors In \itro. the addition ot recombinan: 
APRIL stimulates live proliferation, oi various eel; line- Moreo\er. tianstection o! 
APRIL into NTH-3T3 cells dramatical'^ accelerated tumor growth m nude mice when 
compared to mock iransicctani- Lie expression aiui g:owm stimulating ellec; oi 
APRIL on tumor cells in \ it:o and ;n vi\ o suggests trial APRIL is implicated in 
tumongenesis 

APRIL appears to be unique among the members of the TNT famii\ as i; is both 
abundantly expressed in tumor cells and stimulates growth of many different tumor cell 
lines given the apparent role of APRIL is tumongenesis. the antagonistic antibodies to 
APRIL, or the APRIL receptor w:ii r>ro \ y le novel .'nnnu/ho nw-;m t — nv:itnvni 

B DNA SLQ LLN CLS OP TH L INVL NTION 

As described herein, one aspect of the invention features a substantial!) pure ior 
recombmanti nucleic acid winch includes a nucleotide sequence encoding APRIL, such, 
as the DNA described m SHQ ID NO 1 and/or equivalents <>j such nucleic acids The 
term nucleic acid as used Herein can include tragments and equivalents, such as. ior 
example, sequences encoding functionalK equivalent peptides Equivalent nucleotide 
sequences ma\ include sequences that diMei by one or more nucleotide substitutions, 
additions or deletions, such as alien, \aiunls. mutations, etc and include sequences 
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that differ irom the nucleotide sequence encoding APRIL shown in SEC) ID N' V 1 due 
to the degeneracy of the genetic code. 

The invention will be described generally by reference to the human sequences, 
although one skilled in the art will understand that the mouse sequences or sequences 
encoding APRIL from other species having a high level of homology with human, and 
are encompassed herein. The human proteins appear to have all of the characteristics 
of the TNF family, i.e.. a type II membrane protein organization and conservation ot 
the sequence motifs involved m the folding of the protein into the TNF anti-parallel [v 
sheet structure 

The sequence- uf the invention cap. be use,: to prepare a series of DNA probe- 
that ate useful in screening various collection- o! natural and -\mhehc DNAs lor the 
presence [)NA sequences tilal arc close'K related :o APRIL, or Iragment- or 
der:\ alive- liiereol < )ne -killed m the ar; w ;k kv- -jn:.'e :nat iclercme to APRIL a- 
used here::.. re:eis ai-o n> koiogicalA active derr.at : l . a-. ::agmens or homoing.- 
tnereo; 

liie DNA sequence- of :he :r. vernier, cod::. J or. APRIL .an be employed h- 
P! M ^ eL:i!r.ed Peptide- o;- expre--:<>r. \ i:: -i> v: -ka:\ '>:c am! eukarvoiie 
ho^ls tran-tormed wi;h mem These peptide- ma\ :v u-cd m .aH;-cancer. and 
im:nuno:egulaior\ application- In general, m,- .-mp-.i-c- m<, -tep- oi culfanr.g a hoo 
transtonneJ with a DNA moledhe coiUaiiVdig lire -euue:u.a eroding APRIL. 
op»:rati\ei\ linked to an expression contro; -eu/aeiu. 

Trie DNA sequences and recombmani I )N A molecule- oi the piesent unentioi. 
can 'he expressed using a w ide \anet\ oi host. u'Co; con.bma'ioriv Lor example, 
useful vector max consist of segment- otAnroiih'-oma;. nor chromosomal or -ynthe:;. 
DNA sequence- The expression \ector- o! the iioendion are Ltraraden/eu h\ a: lea-- 

,vn ; ..,, l!: a-np-' seuueiue Pia*. :r.a\ K- opeta'd\ed> linked to 'he APRIL DN A 
sequence inserted m the \ecto:. m orue: m conuo! and to regu'.ate Lie expression ot th. 
DNA sequence 

Purthermore. within each, expression \ecto:. \arious ate- ma\ be selected ioi 
insertion of a sequence of the invention. The sites are usually designated by a 
restriction endonuclease winch .at- them, an J these site- ana endonuclea-es are well 
recognized by those skilled in the art. It is of course to be understood that an 
expression vector useful in this invention need not have a restriction endonuclease site 
lor insertion of the desired DNA fragment Instead, the vector may be cloned to the 
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fragment by alternate means. The expression vector, and in particular the site chosen 
therein for insertion of a selected DNA fragment, and its operative linking therein to an 
expression control sequence, is determined by a variety of factors. These factors 
include, but are not limited to, the size of the protein to be expressed, the susceptibility 
of the desired protein to proteolytic degradation by host cell enzymes, number of sites 
susceptible to a particular restriction enzyme, contamination or binding of the protein to 
be expressed by host cell proteins which may prove difficult to remove during 
purification. Additional factors which may be considered include expression 
characteristics such as the location of start and stop codons relative to the vector 
sequences, and other factors which will he recognized by those skilled in the art. The 
choice of a vector and insertion sue for the claimed DNA sequences is determined by a 
balancing of these factors, not all selection- heme equally e:tecti\ e tor a desire,! 
application However, i; is routine for one skilled in the an to analyze these parameter 
and choose an appropriate system depending or. the parucu'iar application 

One skilled in the art can readily make appropriate mod:: :cations to the 
expression control sequences ;o obtain highe: :e\e.s 01 p:o:em expression. ;.e n\ 
substitution o!' eodor.s. or selecting codons • : parti, ala: ammo acids that are 
preferential'!) used by particular organism-. :■ mmimi/c p:otc.n\ Ms oi to alte: 
elycosvlation composition. Likew ise. cysiemc- may he d-apece to other ami:i" acnN 
to simplify production, refolding or stability piohlem- 

Thus, not ali host/expression vector combinations function with equal etlicienc\ 
in expressing the DNA sequences of this invention houe\e:\ a particular selection ot 
a host/expression vector combination may be made by those ol skill in the art. Factors 
one ma\ consider include, for example, the compatibility ol the host and \eeior. 
uruuu lu [in Hum nt tin ['lo ' iuis u i iuilal fry rtrr DM'A .iuuuill. can wt mute, t i i 
the desired protein, expression characteristics ..f the DNA sequences and expression 
control sequences operativei\ linked to then., hiosalcty. co^s and the folding. !orm 01 
other necessary post-expression modifications ot the desired protein 

APRIL produced by hosts transformed with the sequences of the mven 
well as nati\e APRIL purified by the processes of this invention, or produced tr 
claimed ammo acid sequences, are useful in a variety o: compositions and methods 101 
anticancei. antitumor and immunoregulator\ application* They are also iisctui m 
therap\ and methods directed to other disease- 
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This invention also relates to the use of the DNA sequences disclosed herein to 
express APRIL under abnormal conditions, i.e. in a gene therapv setting Additionally. 
APRLL may be expressed in tumor cells under the direction of promoters appropriate 
for such applications. Such expression could enhance anti-tumor immune responses or 
directly affect the survival of the tumor. APRIL is also likely to affect the survival of 
an organ graft by altering the local immune response. In this case, the graft itself or the 
surrounding cells would be modified with an engineered gene encoding APRIL. 

Another aspect of the invention relates to the use of the isolated nucleic acid 
encoding either APRIL in •'antigens" therapy As used herein, "antisense" therapv 
refers to administration or in situ generation of oligonucleotides or then derivatives 
which specificallv hybridize under cellular conditions with the cellular mRNA and/oi 
DNA encoding the APRIL sequence of interest, so - 10 inhibit express*!! ot the 
encoded protein, i.e. b> inhibiting transcription and-: translation The binding :r.a\ iv 
b\ conventional base pan comp:ementai uv . oi. :o: example, in me case o: mnam : : t«- 
DNA duplexes, through specific interactions m the mamr groo\e oi tlie doimie nchx. 
In eeneral. "antisense" therap\ refers i.« a ranee of iccmv.ques generalK empU'Veu in 
the art. ami include^ am therapv which relies .o xjv:i::c h nidme n > niieomic icotuk 
sequences 

An antisense construct ol the present invention can he delivered. loi example. . 
an expiession plasmui. which, when transcribed in t ie .ell. produces RN A \\luc:i 
compiementaiA to at least a portion ol the ceiiuiar n RN A winch encode- APRIL 
Alternatively, the antisense construct can be an oligonucleotide probe winch is 
generated ex viva.. Such oligonucleotide probes are preterah.v niodiiied 
oligonucleotide^ which are resistant to endogenous nucleases, and are theretor stanle i 
vivo. L.xemplarv nucleic acids molecules tor use a- antisense oligonucleotides are 
phoNphoramidu'ecv phoxphothuute an.i methv ioh< «^h. Miaie analogs <>; DN \ ■ Nee. e e 
S.17b.Wh. S.2M.5M and 5.25(i.7"5 » Additional!), eeneral approaches to constructi: 
oligomers usetul in antisense therapv have been reviewed, i^r example. b\ \ an Dei 
krol et al.. i IVSKi Biotechmques b:95S-^7o. and Mem et al i pJXKi Cancer Res 4S 
26?9-2bbS, specifically incorporated herein by reference 

C . APRIL AND AMINO ACID SHQUE NChS THEREFOR 
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APREL, as discussed above, is a member of the TNF family. The protein, 
fragments or homologs of APRIL may have wide therapeutic and diagnostic 
applications as discussed in more detail below. 

Although the precise three dimensional structure of APRIL is not known, it is 
predicted that, as a member of the TNF family, it may share certain structural 
characteristics with other members of the family. 

Comparison of the claimed APRIL sequence with other members of the human 
TNF family reveals considerable structural similarity. All the proteins share several 
regions of sequence conservation in the extracellular domain. The overall sequence 
homology of the extracellular domain of APRIL show the highest homology to FasL 
(21 <~c ammo acid identities ), TNFu ; 20*7 ». LT-(^ ( lS r ; \. followed b> TRAIL. TWEAK 
and TRANCL ( 15^7 l Figure 2. 

The novel polypeptides of the invention specifically interact with a receptor, 
which has not vet been identified. However, the peptides and methods disclosed herein 
enable the identification of receptors w hich specificallv interact wwh APRIL o: 
fragments thereof. 

The claimed invention in certain embodiments mciude^ peptides derived Iron 
APRIL which have the abilitv to bind to its receptors. Fragments o! APRIL can be 
produced in several ways. e.g.. recombinant^. b\ PCR. proteolytic digestion or h> 
chemical synthesis. Internal or terminal fragments of a polypeptide can be generated 
bv removing one or more nucleotides from one end or both end^ o: a nucleic acid 
which encodes the polypeptide Expression of the mutagenized DN A produce- 
polypeptide fragments. 

Polypeptide fragments can also be chemically synthesized using techniques 

< Rrrmm in mi 1 an mini as umitHuumui .iLiiuii'id zrm i- mre m nw ch emists 

For example, peptides and DNA sequences of the present invention mav be arbitral:!;* 
div ided into fragments of desired length with no overlap of the tragment. or divided 
into overlapping fragments of a desired length. Methods such as these are described m 
more detail below. 

P. Generation of Soluble Forms of APRIL 

Soluble forms of APRIL can often signal effectively and hence can be 
administered as a drug which now mimics the natural membrane form It is possible 
that APRIL as claimed herein is naturallv secreted as a soluble cytokines, however. i! 
not. one can reengincer the gene to force secretion To create a soluble secreted form 



*U 99 12965 PCT I S98 1919, 

-l(v 

of APRIL, one would remove at the ON A level the N-terminus transmembrane regions, 
and some portion of the stalk region, and replace them with a type I leader or 
alternatively a type II leader sequence that will allow efficient proteolytic cleavage in 
the chosen expression system A skilled artisan could vary the amount of the stalk 
region retained in the secretion expression construct to optimize both receptor binding 
properties and secretion efficiency. For example, the constructs containing all possible 
stalk lengths, i.e. N-tcrminal truncations, could be prepared such that proteins starting 
at amino acids 81 to 139 would result. The optimal length .talk sequence would result 
from this type of analysis. 

L Generation of Antibodies React ive with APRIL 

The invention also melius antibodies specilicaliy rcacme ui:h APRIL oi it- 
receptor A:m-proiem/anli-peptkie antisera oi monoclonal antibodies can he made in 
standard protocols (See. tor example. Aniibtniicy A lMbt»\tit>r\ M.ahhii ed ru Haimv. 
and Lane Cold Spring Harbor Pre- P'SKo A mammal such as ^ mouse, a haniMe: •: 
rahiv. car. be immunized u itn a:: immunogenic n -nr, oi the peptide. : eciiraqjcs ;oi 
conterrme immunogenicity on a protein or peptide include conjugation to carrier-, o* 
other techr.iques are well know p. m the art 

An immunogenic portion oi APRIL oi i> receptor .an be aonnnisteied :n tt.e 
presence o; an adiuvant. The progress ol immunization can be monitored by detection 
of anuboch titers in plasma or serum Standard LL1S A or othci immunoassay ^ can »c 
used with -.he immunogen as antigen to assess the ie\cN oi antibodies 

In a preferred embodiment, the subject antibodies are immunospecilic ior 
antigenic determinants oi APRIL, or its receptor, e.g. antigenic determinants oi a 
pol\ peptide of SLQ. ID. NO. 2. or a closely related human or non-human mammalian 
homoloe: <e.L. "70. SO or L >0 pcicent homologous, more preferably at least ^5 percem 
hop.- >ioe' -lis In vet a iurtivei p:e;e::ed embodiment oi the piemen'. :n.\e;;t;o:n :ne an . 
APRIL or anti-APRlL-receptor antibodies do not substantially cross read me. react 
specifical:\ > with a protein which is e g . less tnan KO percent homologous to SLQ II ) 
NO 2. prelerablv le>s than ( M> percent homologous with SLQ ID. NO. 2. and. moo 
preterabL ie^s than l >5 percent homologous with SLQ. ID. NO.: 2. By ' not 
substantial cross react", it is meant that the antibody has a binding affinity for a non- 
homologous protein which is less than 10 percent, more preferably less than 5 percent, 
and even more preferably less than 1 percent, of the binding affinity lor a protein ot 
SLQ ID. NO. 2 



WO 99/12965 PCT US98/191 91 

-17- 

The term antibody as used herein is intended to include fragments thereof which 
are also specifically reactive with APRIL, or its receptor. Antibodies can be 
fragmented using conventional techniques and the fragments screened for utility in the 
same manner as described above for whole antibodies. For example, F(ab> fragments 
can be generated by treating antibody with pepsin. The resulting FCab 1 ): fragment can 
be treated to reduce disulfide bridges to produce Fab' fragments The antibodies of the 
present invention are further intended to include biospecific and chimeric molecules 
having anti-APRIL or anti-APRIL -receptor activity. Thus, both monoclonal and 
polvclonal antibodies ( Ab) directed against APRIL and us receptor, and antibody 
fragments such as Fab' and F(ab*K can be used io block the action of APRIL and its 
respective receptor. 

Various forms of antibodies can also be made using standard recombinant DN A 
techniques. (Winter and Milstein. Nature ?40 : :^->» , I^U ■ .pecificalK 
incorporated by reference herein J For example, chimeric antibodies can be constructed 
in which the antigen binding domain from an animal antihod> is linked to a human 
constant domain ic.g Cabilly et al.. I'.S d.XWoo" 7 . incorporated herein by reference 
Chimeric antibodies ma\ reduce the obser\ed immunogenic responses elicited b> 
animal antibodies when used in human clinical ucatmcnis 

In addition, recombinant "humanized antibodies" which recognize APRIL, or 
its receptor can be synthesized. Humanized antibodies aie chimeras comprising mostb 
human IgG sequences into which the regions responsible for specific antigen-binding 
have been inserted. Animals are immunized with the desired antigen, the 
corresponding antibodies are isolated, and the portion of the variable region sequences 
responsible lor specific antigen binding arc removed The animal-derived antigen 

m which the antigen binding regions have been deleted Humam/ed antibodies 
minimize the use of 'heterologous ti e inter -pe, ies- >equciKe- m human antibodies, 
and thus are less likely to elicit immune responses m the treated subject. 

Construction ot different classes of recombinant antibodies can also be 
accomplished by making chimeric or humanized antibodies comprising variable 
domains and human Lonsian; domains (CHI. CH2. CHm isolated from different ciasses 
of immunoglobulins For example, antibodies with increased antigen binding site 
\alencies can be recombinant! v produced by cloning the antigen binding site into 
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vectors carrying the human chain constant region*. < Arulanandam et al . J Exp Med.. 
177: 1439-1450(1993). incorporated herein by reference, i 

In addition, standard recombinant DNA techniques can be used to alter the 
binding affinities of recombinant antibodies with their antigens by altering amino acid 
residues in the vicinity of the antigen binding sites. The antigen binding affinity of a 
humanized antibody can be increased by mutagenesis based on molecular modeling. 
(Queen et al.. Proc. Natl. Acad. Sci. 86: 10029-33 ( 1989 ) incorporated herein by 
reference. 

f. j^M-a non of Analogy. Produc tion of Altered DNA and Peptide S eqiiencc - 
Analogs ol APRIL can dilfer iron: :':ie naturally occurring Ligands in amino 
acid sequence, or in \\ay> thai do not invoke sequence, or bo::, Non-.equeme 
modifications include in \:\u or in utro chemical cienvati/atmn o! APRIL Non- 
sequenyc modifications include, bu; are not limited to. change^ m acei\ iaiiom 
methxlation. phosphor\ iaiion. carbo\\Ltior, or g!>c*>\\ latmn 

Preferred analogs include. APRIL or hioiogicall\ acme iragmenls tnereo:. 
wnosc sequences difier irom the sequence given m SI:Q ID NO 2. h\ >>ne or more 
oonser\ati\e amino acid substitutions, or h\ one ^ more non-con>er\ alive ammo add 
substitutions, deletions or insertion^ winch do no; abolish die biological activin o! 
APRIL Conservative substitutions typically include the substitution of one ammo acid 
nother with similar characterises, e g substitutions within the loiloumg groups 
:. civeme. ghemc. alanine: valine, isoleticme. leucine, a^arnc acid, giutam.k 
asparaeine. glutamine. serine, threonine; lysine, arginme. and. phen> lalanine. 
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TABLE 1 

CONSERVATIVE AMINO ACID REPLACEMENTS 



Aspartic Acid 



Cysteine 



Glutammc 



Glutamic Acid 



Glycine 



O 



G 



for amino Acid 


code 


replace with any of: 


Alanine 


A 


D-Ala, Gly, Beta- Ala, L- 
Cys, D-Cys 


Arginine 


R 

i 

! 


D-Arg, Lys, D-Lys, homo- 
Arg, D-homo-Arg, Met, 
He, D-Met. D-lle. Orn, D- 

! 

j Orn 


Asparagine 


! N 


D-Asn. Asp. D-Asp. Glu. 
! D-Glu. Gin. D-Glr. 



D-Asp. D-Asn. Asn. Glu. 
! D-Glu. Gin. D-Gin 



1 D-Cy>. S-Mc-C\>. Met. D- 
: Met. Tin D-Thr 

j D-Gln. Asn, D- A>n. Glu. 
\ D-Glu. Asp. D-Asp 



D-Glu. D-Asp. Asp. Asr.. 
D-Asn. Gin. D-Gln 



Ala. D-Ala. Pro. D-Pro. 





. — i u» v r 






| 1 so leucine 


i 


1 D-Ile. Val. D-Val. Leu. D- 


1 




! Leu. Met. D-Met 

1 

i _ .. 


1 Leucine 




D-Leu. Val. D-Val. Leu. 




i 

I 


! D-Leu. Met. D-Met 

i ! 
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' 

Lysine : 

1 


K ' 


D-Lys. Arg. D-Arg. 
Homo-arg, D-homo-Arg, 
Met. D-Met. He. D-Ile. 
Orn, D-Orn 


Meinionine 


M 


D-Met, S-Me-Cys. He. D- 






lle. Leu. D-Leu. Val, D- 






i Val 

i 


' Phenylalanine 


! F 


; I)-Phe. Tvi. O-Thr. I.- 



! Proline 



Serine 



Threonine 



Valine 



Dopa. His. I)-H>.. Trp. D 
I rp. Trans- \4i»r> 
phen\ ipi olme. , i-- ; . 4 . . m 
5-pheiiylproliiK- 

1 >-Pr»*. L i-dioa.v'.iumc - : 

carhnwiic aClJ. i ir I i 
. '\-/v>iidi:K'-4-v.\:: >\yi:^ 
acid 



1) Sei. T:i;. I >-'! all- 
I n:. Ml-:. [)-Me:. MeM >■ 
D-MeliO:. IH> 



O-Thr. Ser. D-Sc:. all*' 
Thr. Met. i)-Mei. Met<()> 
D-McuO'. Val. D-Va! 



h I':.. P Pi • 1 
Dopa. His. D-His 



I) Val. Leu. D-Leu. He. D 
lie. Mel, 1) Me: 



IVeiul methods tor mutagenesis include PCR mutagenesis and saturation 
mutagenesis as discussed in more detail below. A library oi random ammo acid 
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sequence variants can also be generated by the synthesis of a set of degenerate 
oligonucleotide sequences. 
-PCR Mutagenesis 

In PCR mutagenesis, reduced Taq polymerase fidelity can be used to introduce 
random mutations into a cloned fragment of DNA (Leung et aL 1989, Technique 1:11- 
15). This is a very powerful and relatively rapid method of introducing random 
mutations The DNA region to be mutagenized can be amplified using the polymerase 
chain reaction (PCR) under conditions that reduce the fidelity of DNA synthesis by Taq 
DNA polymerase, e.g.. by using a dGTP/dATP ratio of five and adding Mn~~ to the 
PCR reaction. The pool of amplified DNA fragments can be inserted into appropriate 
cloning vectors to provide random mutant libraries 
-Saturation Mutagenesis 

Saturation mutagenesis allows for the rapid introduction ol a large number o: 
single base substitutions into cloned DNA 1 ragmen ts i Ma\ er- et al .. 1 L >S5. Scwtu ■ 
229:242* This technique includes generation o! mutations, e.g.. by chemical tre«:me:v 
or irradiation of single-stranded DNA */; \i:r,-. and s\n:hcsis of a comphmcm.ii \ D\ \ 
strand Trie mutation lrequencx can be modulated n\ modulating the sevent\ oi t:u- 
treatment, ana essentially ail possible base substitutions can f v obtained. Because thi> 
procedure does not involve a genetic selection fo: mutant fragments both neutra. 
substitutions, as well as of a protein can be prepared b\ random mutagenesis oi DNA 
which those that alter function, can be obtained The distribution of point mutations > 
not biased toward conserved sequence elements 
-Degenerate Oligonucleotides 

A iibrarv of homologs can also be generated from a set of degenerate 
s oligonucleotide sequences. L nemicai syntnesis oi degenerate sequences can Re earned 
out in an automatic DNA synthesi/er. and the synthetic gene- men heated into ar. 
appropriate expiession vector The synthesis of degenerate oligonucleotides is knov. :. 
in the art vvv Such techniques have been employed in the directed evolution ot other 
proteins'" 

Non-random or directed, mutagenesis techniques can be used to provide 
specific sequences or mutations, m specif ic regions These techniques can be used r 1 
create variants which include, e.g.. deletions, insertions, or substitutions, ol residues . 
the known amino acid sequence of a protein The sites lor mutation can be modified 
individually or in series, e.g.. by ( 1 ) substituting first with conserved amino acids and 
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then with more radical choices depending upon results achieved. >2' deleting the target 
residue, or (3) inserting residues of the same or a different class adiacent to the located 
site, or combinations of options 1-3. 

-Alanine Scanning Mutagenesis 

Alanine scanning mutagenesis is a useful method lor identification of certain 
residues or regions of the desired protein that are preferred locations or domains for 
mutagenesis. Cunningham and Wells (Science 244:1081-1085. 1989) spccificalU 
incorporated by reference. In alanine scanning, a residue or group ot target residues are 
identified (e.g.. charged residues such a> Arc. Asp. His. fw and Ciim ana replaced b\ 
a neutrai or negatively charged amm< > acid . mo>: pieieraoh alanine or poiv a. an me 
Replacement ot an ammo acid can allec! the uaciaciad. ■ me am::n< a. id- v itn trie 
surrounding aqueous environment m or ma- Me the . c. I la^e d'ddau.v dcmoiisiratm; 
tunctioiuu sensitivitv n< the - aostitut i - »n « .ad :::ci. v :e:::vec. o\ ::r.:ouL^;nc rurtnei • »: 
ottiei variants at or !o; tiie sue- o: oahstdu;; ■:. i w:m e ::.e m:.- !«■: aid "dtu n.g ai. 
amino acid sequence variation predeterm.ncd ■ :ad. i:e <d :: e muiuM": 1 . re: sc need 
not he [dedetermmcd bor e.xamp.e. "p" :::.:. - "■- 'v: : ' *' 1 ! - nadaa ,; - il - - 
LTiven Mte. alanine scanning o; random nui: ;.\ \c- : • :\ *v c 'dda,ted r. :::■. *ai d_v 
eodor, or region and the expressed desire,: :•: ••••• v .:r.:' '• ai ;o:k aie reeded :o: the 
optmtai combination, id uesiiea act:v;t\ 

-Ohiionucieotidc-Nlediatcd Mutagcac^ • 

( )iigonucieotide-mediated mutagen ; a a-, :e. :;:c!h-\l :o: pi e:\nmc 
substitution, deletion, and insertion var.ans ■•: 1 >.\ \. -ee e : . Adciman e: a; . > P.\:\ 
2: ls ; . NS3; incorporated herein bv lelcren.. Brie: A . lac uesi:e .1 I>NAcanhc 
altered bv hvhridi/ing an oligonu cleotidc e::.o,:ir-g a ann.ado:-, v a UNA template 
where the template is the smgie-stranded Mrm <d a oiasnad oi o Jv teriopnaee com.aimr.c 
l!,e ahai'eied . •: :.adv. DNA -euuch.e : ' ' : v' " '"A 1 " i - 'a': 

DNA polvmerase is used to s\mhes:/e an :ntne se.-nd , >n:piemen:arv mi and ot me 
template thai will thus incorporate the < ug« >:m. ic> >i .dc prime:, add wdi ad: :oi die 
selected alteration in the desired protein DV\ I icucialiv . oligonucleotide-, o: at lea.si 
2^ nucleotides m length are used. Ar. optimal . digondc ie-tide will have II to 15 
nucleotides that are complete!} eomriementai \ n> the template on either u.le oi the 
nucleotide! si coding for the mutation. This ensures that the oligonucleotide will 
hybndi/e properly to the single-stranded DN A template molecule. The 
oligonucleotides are readily synthesized using techniques known in the art such as that 
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descnbed by Crea et al. (Proc. Natl. Acad. Sci. USA. 75: 5765(1978]) incorporated 
herein by reference. 

-Cassette Mutagenesis 

Another method for preparing variants, cassette mutagenesis, is based on the 
technique described by Wells et al. (Gene, 34:3 1 5[ 1 985]) incorporated herein by 
reference. The starting material can be a plasmid (or other vector) which includes the 
protein subunit DNA to be mutated. The codon(s) in the protein subunit DNA to be 
mutated are identified. There must be a unique restriction endonuclease site on each 
side of the identified mutation site(s). If no such restriction sites exist, they may be 
generated using the above-described oligonucleotide-mediated mutagenesis method to 
introduce them at appropriate locations in the desired protein subunit DNA. After the 
restriction sites have been introduced into the piasmid, the plasmid is cut at these sites 
to linearize it A double-stranded oligonucleotide encoding the sequence ot the DNA 
between the restriction sites but containing the desired mutation: s> is synthesized using 
standard procedures. The two strands are synthesized separated and then hybridized 
together usin^: standard techniques This double -stranded . >!igt«:u;cicotic;c i- re i erred to 
as the cassette. This cassette is designed to na\ e 3":i:k! 5 ' ends that a: e comparable 
with the ends of the linearized plasmid. ^uch tnat it can he directi> .igateu to the 
plasmid. This plasmid now contains trie nuiiaied desired protein summit DNA 
sequence 

-Combinatorial Mutagenesis 

Combinatorial mutagenesis can aUo be used to generate mutants H.g.. the 
amino acid sequences for a group of homologs or othei reiated proteins are aligned, 
preferablv to promote the highest homology possible. All of the amino acids which 
appear al a giveh position 6! Ihe aligned sequences can ne seieeicu to create a """^ 
degenerate set of combinatorial sequence- The variegated libiar\ oi variants is 
Generated bv combinatorial mutagenesis .it me nueicic acid ic\el. and is encoded b\ a 
vaneeated gene library. For example, a mixture ot synthetic oligonucleotides can ne 
enzvmatically iigated into gene sequences such that the degenerate set ot potential 
sequences are expressible as individual peptides, or alternatively as a set ol larger 
fusion proteins containing the set ot degenerate sequences 

Various techniques are known in the an tor screening generated mutant gene 
products Techniques for screening large gene libraries often include cloning the gene 
library into replicable expression vectors, transforming appropriate cells with the 
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resultmg library of vectors, and expressing the genes under conditions in which 
detection of a desired activity, e.g., in this case, binding to APRIL or its receptor, 
facilitates relatively easy isolation of the vector encoding the gene whose product wa> 
detected. Each of the techniques described below is amenable to high through-put 
analysis for screening large numbers of sequences created, e.g., by random mutagenesis 
techniques. 

The invention also provides for reduction of the protein binding domains of the 
claimed polypeptides or their receptors, to generate mimetics. e.g. peptide or non- 
peptide agents. The peptide mimetics are able to disrupt binding of APRIL with its 
respective receptor. The critical residues of the APRIL involved in molecular 
recognition ui .1 receptor polypeptide or ot a downstream intracellular protem. can be 
determined and used to generate APRIL or its uvepior- derived peptidomimetics which 
competiii\c;\ o: noncompemiv cix mnibit binding 01 APRIL with a receptoi -see. lo; 
example. " Peptide inhibitor of human papiiioma v;:\i* protein binding to 
retinobiastoma gene protein" Lurooean patent applications LP-4 1 2,~o2A and LP- 
B3L0S0A-. ^pccificallx incorporated herein b\ relerence 

Pi\ making Mailable purified and recombinant APRIL, the present 
invention pi ox ide - assaxs which can be used to scicen lor drug candidates which are 
eithe: agonist- 01 antagonists o! the normal celima; mnctio:.. m tins case, ot APRIL o; 
it- receptoi In >>nc embodiment, the avsav evaluates t:ie abmix ol a compound to 
modulate hmdmg between APRIL and a recent: A \ anep. M assay format- wili 
suffice and. m light of the present inventions, will be comprehended hx the .skilled 
artisan. 

In manx drue screcmrie: program*, which lest hbrarie- of compound- and natural 
extract-, inch, throughput a-savs aie desirable m order to maximize the number ol 
v'MiipomuL surveyed m a given period oi time Assays which are pcriormcd m cell 
tree -x stems, such as ma\ be derived with purified or semi-purified proteins, are olten 
prelerred a- ' primary' screen- m that thex can be generated to permit rapid 
development and relatixelx easx detection of an alteration ;n a molecular target which 
1- mediated bx a test compound. Moreover, the effects of cellular toxicity and/or 
bioavailability of the test compound can be generally ignored in the in vitro system, the 
assay instead being focused primarily on the effect ol the drug on the molecular target 
as max be mamlest in an alteration of binding affinity with other proteins or change in 
enzymatic properties of the molecular target. 
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Isolation of a receptor binding to APRIL 

Ligands of the TNT family can be used to identity and clone receptors With 
the described APRIL sequences, one could fuse the 5" end of the extracellular domain 
which constitutes the receptor binding sequence to a marker or tagging sequence and 
then add a leader sequence that will force secretion of APRIL in any of a number of 
expression systems. One example of this technology is described by Browning et aL 
(1996) (JBC 271, 8618-8626) where the LT-P ligand was secreted in such a form. The 
VCAM leader sequence was coupled to a short myc peptide tag followed by the 
extracellular domain of the LT-|?. The VCAM sequence is used to force secretion of 
the normalU membrane bound LT-p molecule. The secreted protein retains a myc tag 
on the N-terminus which does not impair the abihtv lo bind to a receptor Such a 
secreted protein can be expressed in cither transieniK iransfected Cos cells or a similar 
system, e e;.. E:BNA derived vectors, msec: cell. bacuio\ irus. picchia etc. The 
unpunfied cell supernatant can he used as a souice oi the tagged hganc 

CeiK expressing the receptor can be identified b> exposing them lo the lagged 
heand Cell- with bound ligand are identified m a \ ACS experiment h\ labeling the 
mvc tag with an anti-m\c peptide antioodx i<> showed by phwocrylhnn i or a 
similar label < landed anti-mouse immunogionuim h-\CS posime cells can he readn;. 
identified and would serve as a source of RNA encoding :or tne receptor. An 
expression library would'then be prepared from uio RNA \ia standard techniques a;u: 
separated in:<> pools Pools o: clones wou'd be t:a:>!ected into a suitable host cell and 
binding of the tagged hgand to receptor positive iransfected cells determined via 
microscopic examination, following labeling of bound mvc peptide tag with an en/\ un- 
labeled anti-mouse Ig reagent, i.e. gaiactosidase. alkaline phosphatase or luciterase 

laULlLU aiiulmu) once a pauim puul trrr frrrn idumuul. die punl mix uuuld 

reduced until the receptor encoding cDNA is identified. This procedure could ne 
carried out uith cither the mouse or human APRIL, as one may more readiK lead n- 
receptor . 
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The methods of the invention tor the treatment of cancers involve tne 
administration to a patient, preferably a mammalian host, such as a dog, cat. or human, 
an effective amount of a claimed composition comprising a blocking agent capable of 
interfering with the association between APRIL and its receptor. Such blocking agents 
include, but are not limited to soluble APRIL, anti-APRIL antibodies, anti-APRIL 
receptor antibodies, or biologically active fragments thereof. Additionally, an 
inhibitory form of APRIL can be made by mutating APRIL, while maintaining the 
ability to block the association between APRIL and its receptor. Blocking agents may 
prcferablv comprise a receptor IG fusion protein, whicn can he constructed hy method- 
known to those oi skill in the art. 

The methods of the invention, are useful toi treating al! cancer, 
iiwludir.; hut r^ li:r.sted v. cellular disorder ,:v i-v example, rena. cei. ...nee: 
Kupom'. s.:rcoir.a. chronic leukemia. hreaM .arvci. s kl ;eoma ovarian ^aR ::• I'c.ta. 
cancer, mroat cancer, melanoma, colon car.ce: MaUUci caiue:. mastoc \ to;:.,., lung 

cancenv. mammarv adenocarcinoma, pharyngeal h;i:, noes a 1 ;: carcmon aid 

etastromicstma! or stomach cancel Addition.. . m\ f. blocking agents are selui 
the treatment «>1 proliferative conditions m.e .ec not . »n-uie:.d to he mm >. i.c 
cellular hvnerpioiiteiation .. hyperplasia vjd. .:<•. I oi examivc ^ icn kiern ... :\mnio 
formation m rheumatoid-arthritis. postsiipju al van me am! lung, hver an,: uterine 
fibrosis 

Pharmaceutical composition o; tiie invention mav compro. a 
therapeutical!} elfective amount of APRIL. 01 its icceptor. or iragment^ . : :r.imct:c> 
thereto, and. optionallv mav include pharmaceutical.) acccptame carrier- 
Accordinelv. tins invention provides methods tor treatment oi cancer, ami method- o; 
stmuiiating. o; ir. certain mxatucv mi. mum. • m. m.muiu ostein. ••: rait maico: r. 
administering a pharmaceutical!) eKccUvc amour.! »>t a compound o! the :mcntion o: 
its pharmaceutical lv acceptable salts . >r denv ativ c- It should oi course b;. underplot \ 
that the compositions and methods ol tills invention can be used in combination with 
other therapies for various treatments 

Tne compositions can be formulated tor a variety ol routes ot administration., 
includine svstemic. topical or localized administration. For systemic administration, 
injection is preferred, including intramuscular, intravenous, intraperitoneal, and 
subcutaneous for injection, the compositions of the invention can be formulated in 
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hquid solutions, preferably in physiologically compatible buffers such as Hank's 
solution or Ringer s solution. In addition, the compositions may be formulated in solid 
form and, optionally, redissolved or suspended immediately prior to use. Lyophilized 
forms are also included in the invention. 

The compositions can be administered orally, or by transmucosal or transdermal 
means. For transmucosal or transdermal administration, penetrants appropriate to the 
barrier to be permeated are used in the formulation Such penetrants are known in the 
art, and include, for example, for transmucosal administration, bile salts, fusidic acid 
derivatives, and detergents. Transmucosal administration may be through nasal sprays 
or using suppositories. For oral administration, the compositions are formulated into 
conventional oral administration forms such as capsules, tablets, and tonics. For topical 
administration, the compositions of the invention are formulated into ointments, salves 
eels, or creams as known in the art 

The dose and dosing regimen will depend on the type of cancer, the patient and 
the patient's h:>tor\. The amount must be effective to treat, vapprew or alter the 
progression o! cancer. The do>es ma> be single doses or multiple dose.-. I: nmltipie 
doses are empioved. as preferred, the freuence ol administration will depend. lor 
rexample. on the t\pe of host and and type cancel, dosage amounts etc. For some 
tvpes of cancers or cancer lines. dil\ administration wil be etlectne. whereas for other- 
administration every other day or every third da\ will be effective. The amount ol 
active compound administered at one time or over the course of treatment will depend 
on many factors. For example, the age and si/.e of the subicct. the seventy and course 
of the disease being treated, the manner and form of administration, and the judgment- 
of the treating physician. However, an effective dose may be in the range of from 
about U.lXb to about 5 mg^e/day. preferably about O.Oo to about mg/kg/dav. 1 he 
dosage amount which will be most effective will be one which results m no tumor 
appearance or complete regression of the tumor, and is not toxic to the patient. One 
skilled in the an will recognize that lower and higher doses may also be useful. 

Gene constructs according to the inv ention can also be used as a part of a gene 
therapy protocol to deliver nucleic acids encoding either an agonistic or antagonistic 
form of APRIL 

Expression constructs of the APRIL can be administered in an\ biologically 
effective carnei. e.g., an> humiliation or composition capable ot eUectiveiy deli\erm 
the gene for APRIL to cells in vi\o Approaches include insertion ol the gene in virai 
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vectors which can transfect cells directly, or delivering plasmid DSA with the help ot. 
tor example, liposomes, or intracellular carriers, as well as direct injection of the gene 
construct. Viral vector transfer methods are preferred. 

A pharmaceutical preparation of the gene therapy construct can consist 
essentially of the gene delivery system in an acceptable diluent, or can comprise a slow 
release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the 
complete gene delivery system can be produced intact from recombinant cells, e.g. 
retroviral vectors, the pharmaceutical preparation can comprise one or more cells which 
produce the gene deliver) system. 

In addition to use in therapy, the oligomers of the invention ma\ be used a> 
^agnostic reagents to detect the presence or absence of the target DNA. RN A or amim- 
acid sequences to which they specifically bind. In othei aspect*, ttic claimed inventus 
mav be used to evaluate a chemical entity for its ability to interact with, e.g.. hind ■ 
:Mi\s;cali\ associate with APRIL or a iragment thereoi I he method includes 
contacting the chemical entity with APRIL, and evaluating tne ability o: the entity u 
interact v\ nh APRIL Additionally. APRIL can be used in meth^L ,>1 evaluating 
naturally o.curnng APRIL or receptors o: APRIL, as wci: ^ evaluate c'nemica: 
entities which associate or bind with receptors of APRIL It ma\ be desirable to i>e 
ta^eu versions of APRIL to facilitate tne detection oi APRIL binding to its receptor 
or receptor positive cells, such as. lor example, the purpose ,>i screening lor agents tiu; 
block the APRIL ligand-APRIL receptor interaction Additionally . one may use 
APRIL transfected cell lines that have increased growth rates as the basis lor screening 
assays lor molecules that block APRIL activity 

In certain aspects, the claimed invention features a method lor evaluating » 
chemical entity for the ability to modulate the interaction between APRIL and its 
iespj.::ve recepioi. The method includes combining a ! ccern >: APRIL, an.: M'KI! 
unuei conditions wherein the pair is capable of interacting, adding the chemical entry 
to be evaluated and detecting the formation or dissolution of complexes '1 hese 
modulating agents may be further evaluated in vitro, e g bv testing its activity m a eel! 
free swem. and then, optionally administering the compound to a cell or animal, and 
evaluating the effect. 
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I EXAMPLES 
Example 1 

Northern blot analysis of APRIL revealed that the expression of APRIL was 
weak and restricted only to a few tissues (Fig. 2A). Two transcripts of 2.1 kb and 2.4 
kb were found in the prostate, whereas PBLs revealed a shorter transcript of 1 .8 kb. 
Northern blot analysis was performed by using Human Multiple Tissue Northern Blots 
I and II (Clontech #7760- 1 and #7759- 1 ), Human Cancer Cell Line MTN Blot 
(Clontech #7757-1) and Human Tumor Panel Blot V (Invitrogen D3500-0H. The 
membranes were incubated in ExpressHyb hybridization solution (Clontech #8015-1 ' 
for at least 1 hour at 62 C. The random-primed cDNA probe iBoehnnger Mannheim < 
was synthesized using cDN A corresponding to the extracellular domain of APRIL as 
template. The heat-denature J cDNA probe was added at 1.5 xlO 6 cpm'm! in fresh 
ExpressHvb The membrane was hvbruh/ed 12-14 i.i at 02 C. wasiicd thicc times \:. 
2xSSC containing 0.05 r ; SDS and exposed at -~^0 C Norther:: blot anaivsis of APRIL 
revealed that the expression ot APRIL was weak and. restricted oni> to a leu tissue- 
Two transcripts oi 2.1 kb and 2.4 kb we:e iound ir. \ w eprost:.;:e. whereas PBL- 
revealed a shorter transcript of j S kb 

A longer exposure lime revealed the 2 1 kb APRIL mRNA colon, spleen, and 
pancreas (data not shown) This restricted distribution ot the APRIL mRNA is 
consistent with the origin of cDNA clones current' v available m the LSI database O: 
the 23 clones identified only two were derived from normal tissues (pregnant uterus, 
pancreatic islands). Remarkably, the remainder ot the EST-clones (21 clones. l U<~r » 
were present in cDNA libraries generated from tumors or tumor-derived cell lines 

, nvirx mmnr 1 1 ; pr, w t -n t y m Q r V H-., J.^r Wi In.. Imnnt j , - Q i | >n , ; ; in j 1 n nil 1 ■ I 1 

endometrial tumor. 1: parathyroid tumors. 1; pancreas tumoi . ! . 'I -cell lymphoma. ! . 
LNCAP adenocarcinoma domed ceil .inc. 1 This prompted as u> test transtormec 
cell lines for the expression oi APRIL mRNA (Figure 2B \ and indeed, all cell hne> 
strongiv expressed the 2.1 kb transcript ol APRIL 

Highest APRIL-specific signals were detected in the colorectal 
adenocarcinoma SW480, the Bui km s lymphoma Ran and m the melanoma G36 LI" 
corroborate this finding, we measured APRIL mRNA expression levels in several 
tumors and compared them to normal tissues APRIL mRNA was abundantlv detects 
m thvroid carcinoma and in lymphoma, whereas in the corresponding normal tissue-. 
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only weak or no hybridization signals were found ( Fug 2C ; In the two other tumors 
nalyzed bv Northern blots (adrenal and paratoid lumor.M. APRIL mRNA was not 
elevated. However, in situ hybridization revealed abundant APRIL message in human 
colon adenocarcinoma as compared to normal colon tissue (Fig. 2D). 

In order to explore possible activities of APRIL, we expressed a recombinant 
form of soluble extracellular domain of APRIL (sAPRIL) encompassing amino acids 
1 10 to 250 in 293 cells (9). The full length APRIL gene was amplified from the EST- 
clone. using a specific 5' forward primer flanked bv a LcoRI site (5 - 
CCAGCCTCATCTCCTTTCTTGC-? 1 ! and a specific v reverse primer flanked by an 
Xbal site ( 5 '- ' IT A C A GTTTC A C A A A C ( ( T A ( j C 1 : ' The amplified iragment ua> ait 
with LcoRl.'Xbal and cloned into a modified mi ^i -! pCRIII ( Invitrogen n in Iramc 
with an N-terminal Rag peptide (IS The solute lorm o! APRIL isAPRILi wa^ 
venerated usinc the two primers o - AAACA* j A -\( » -\ \( TA( K'ACl TTG- Vj and -5 - 
TCACAGTTITAC AAACTCCAGG- ; * coniani:::.' a Pstl ana Xbal mic. respectively 
and siibseq:ien:!\ cloned into a modified p( 'RIII \c.'- : cona.imng both a HA Mgna: n 
protem secrem-t: t:. cukurvouc cell- ana a:. Vierma ... h» r * epitope ■ le- 

Lxample T 

The v> idespreaa expicssior. ><: APR I i in a.::,* : eeas and tissues suggested n> i 
mat APRIL be associated \\\± tumor es..;-.*:.. .a-a we aicieioie e.v.ubatea \ari"i.-- 
tumor cell lines voir, purilied recombinant ha; laeeea sAPRIl * 10 

Human embivonie 2W cells, human 'leukemic Jaika! 'I -ceils, human Burkitt 
lvmphoma B-cells Ran and melanoma eel! laics ueie grown as previously described 
i Id. l"e Other cell lines relerred in this paper are deposited m and described hy the 
American Tvpe Culture Collection Ro.T-.dde. Mar;, .and All cell line- were culture, 
in RPM1 o: PMLM medium supplemented w:\u ! i ■■ :etai cad serum 

Idae-taeeed versions ot "the e\trac eliudi: domain oe^dues !0^2S1 i of huma: 
LasL ana TRAIL > residues '>5->l . uerc re,entl\ ae-cribed . ;5». Imig-tagged solute 
human TWEAK i residues 141-2S4) wa» produced ::. cells (P. S. manuscript it: 
preparation . The anti-Flag antibod\ Ml were obtained Irom Kodak Internationa! 
Biotechnologies. An increase in proliferation oi the Jurkat T lvmphoma cells in the 
presence of APRIL was observed m a dose dependent manner as detected by an 
increase in number ( approximate!) e0<> Mill ot viable cells 24 hrs after ligand 
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addition (Fig. 3A). The proliferation of cells was deiemined by incubating cells at 
50,000 cells per well in 100 pi medium with the indicated concentrations of 
recombinant APRIL, TWEAK, TRAIL, FasL and by determining the number of viable 
cells using the Celltiter 96 AQ proliferation assay (Promega) after 24 hrs, following the 
manufacturer's instructions, or by 3 H-thymidine incorporation. For the 
immunodepletion of Flag-APRIL, anti-Flag coupled to agarose was used. 

The increase in proliferation was independent of a co-stimulatory signals such 
as anti-CD3 antibodies or other cytokines. As expected, the addition of identically 

produced and punned FasL to Jurkat cells decreased the number of viable cells, 
whereas TWEAK had no effect. The increased cell number correlated with augmented 
(40 r ; ) 3 H-thymidine incorporation in APRIL-treated cells iFig 3 At. Immunodepletion 
of FLACi-tagced APRIL-omtainir.g conditioned medium b\ ami -FLAG antibodies, bm 
not anti-mw antibodies, reduced me proliferate elieci -.Fig. 3B . indicating that the 
proliferative effect was specific and due to APRIL. Increased proliferation rates were 
also seen in some B lymphomas .human Raji. mouse A_o celK but not human BJAB- 
and on cell lines of epithelial origin such as COS and He La, as wc\\ as melanomas <F:g 
3C" The breast carcinoma ceil MCF-" did not respond The e'.ieet on JurL:: cells was 
even more pronounced when the tetal calf serum was reduced irom 10'V to i f 7 (Foe. 
3D) 

Recombinant sAPRIL has forms aggregates winch ma\ explain the rather nigh 
concentrations needed to detect a proliferative eflect with sAPRIL. We therefore translecte 
NIH-3T3 cells with full-length human APRIL < 12) and obtained, several APRIL-expressing 
clones (Fic. 4Ai. NIH-3T3 APRIL clones were established using the calcium phosphate 

miLbuJ i^^OAaa mJ ik* LuU LmtiJb v:] Ar: u^J APPTI umufluag pPRin 

expression sector. Cellular proteins of about 2 \ 10 h cells per lane were eIectrophoretical.\ 
separated on a 12'V polyacrylanude gel in the presence of SDS under reducing conditions a 
subsequently transferred to nitrocellulose. Immunoblot anal} sis of Flag-tagged APRIL wa 
conducted using 5 pg/rni ot the rat monoclonal anti-Flag antibody V12 (Kodak Internationa 
Biotechnologies . First antibodies were detected using affinity purified anti-peroxidase- 
coniugated donkey anti-mouse antibod\ (I.)ianova, Hamburg. Germany) followed by a 
chemiiummescence reaction using the LCL system ( Amershami. 

Interestingly. APRIL transfectants proliferated faster than mock-transfectants 
i Fit! 4B) We reasoned that the APRIL-transtected NIH-3T3 cells might also have a 
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growth advantage in vno When wild-type or mock-transl'ected NIH-3T3 cells were 
iniected into nude mice, small palpable tumors were observed after 5-6 weeks ( 1 3 ). In 
contrast, two clones of NIH-3T3 cells stably transfected with APRIL both induced 
tumors after only 3-4 weeks. After 6 weeks, mice had to be killed due to the high 
tumor burden (Fig. 4C). NIH/3T3 fibroblasts (American Type Culture Collection, 
Rockville. Maryland) and the various transfectants f 1 x 10 s cells) were suspended in 50 
pi PBS and injected subcutaneously into the flank region of BALB/c nude mice 
(Harlan. Zeist, Netherlands Tumor size was measured every three days. Mice were 
atie-matched (3 animals per group ». 



Example ; 

Isolation t -i I a receptor binding to APRIL 

Ligamis ol the TNT lamiiy car, be used to ulei:ti:\ and clone icccpioi v \\ ill: 
the described APRIL sequences, one couid fuse the ?' end of the extracellular domain 
ol APRIL which constitute- the receptor binding sequence to a ma:i er or lagging 
sequence and then add a leader sequence that w II force secretion of \PRIL in any o! a 
number of expression systems One exampie oi tins technology is described h\ 
Browning et al.. i 1^>(>- iJBC 2"T. SoL^-mOo. where the IT'-L iigana was secreted m 
such a ion:, The YCAM leader sequence coupled to a short no . peptide tag 
followed by the extracellular domain ol the LT-|. The VC'AM sequence is used to 
torce secretion of the normally membrane bound LT- L molecule. The secreted protem 
retains a mvc tag on the N-terminus which does not impair the ability to bind to a 
receptor Such a secreted protein can be expressed in either transient!) transacted ( os 
eells or a similar system, e.g.. HBNA derived \ectors. insect celPbacalovirus. picchia 
1 he unpurified eel! >upernata:v. _:v. be a-ea a- a - "..ne: oi t:ie tagecd Lean,: 
Cells expressing the receptor can be identities b\ exposing them to the taggc,; 
heand. CelN with bound hgand are kienuiieu m a LACS experiment h\ labeling tiie 
myc tac with an anti-mvc peptide antibody (°*PHH followed by ph\coerythr;n tor a 
similar label i labeled anti-mouse immunoglobulin L ACS positive cells can be readiK 
identified and would serve as a source of RNA encoding lor the receptor. An 
expression library would then be prepared from this RNA via standard techniques and 
separated into pools. Pools of clones would be transfected into a suitable host cell and 
binding of the tagged hgand to receptor positive transfected cells determined via 
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rmcroscopic examination, following labeling of bound myc peptide tag with an enzyme 
labeled anti-mouse Ig reagent, i.e. galaciosidase. alkaline phosphatase or luciferase 
labeled antibody. Once a positive pool has been identified, the pool size would be 
reduced until the receptor encoding cDNA is identified. This procedure could be 
carried out with either the mouse or human APRIL, as one may more readily lead to a 
receptor. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in APRIL, compositions and methods of the present invention 
without departing from the spirit or scope of the invention. Thus. 1: is intended that the 
present invention cover the modifications and variations of this invention provided that 
the\ come within the scope of the appended claims and their equivalents 
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I claim: 

1 . A DN A sequence encoding APRIL or a fragment thereof. 

2. A DNA sequence encoding APRIL said sequence consisting essentially of SEQ. 
ID. NO.2 

?. A DNA sequence consisting essentially of SEQ ID. NO. 1 said DNA encoding 
a polypeptide, said polypeptide consisting essential!) of SEQ). ID. NO. 2. 

4 A DNA sequence that hybridizes to at leas: a iragment o! SEO ID NO 1 said 
tragment comprising a- least 20 consccut i\ c 'wv said DNA scuuei.ee 
encoding a polypeptide that is at least . ;< >' - :i- -moi- >e> -o v\ at; an act; .e site . >: 
APRIL 

5. A DNA sequence according to claim I v i - nc:em m,: -cqueiu c onM-;^ 

essentially of SEQ ID N'C > ! with c -is-cr. a::\ e ^..'nor. atiom. alterations or 
deletions 

h A recombinant DNA moiecule composing a DNA sequence encoding APKII 
said sequence operam cl\ linked to a:: c\p:c^ion con*.!", sequence 

The molecule of claim ft comprising Si-o ID N( > ! 

s A unicellular host transformed with a recombinant DNA molecule «m claim o oi 

l >. A DNA sequence encoding APRIL haung the ammo acid sequence oi SEO- ID 

no. : 

Id A method for producing substantial!) puie APRIL o^;i:n Mug the -.tep ol 
cultunng the unicellular host ol claim S 



1 1 APRIL essentially free of normally associated animal proteins 
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12. The APRIL of claim 1 1 consisting essentially of SEQ. ID. NO. 2. 



13. A pharmaceutical composition comprising a therapeutically effective amount of 
APRIL or an active fragment thereof, and a pharmaceutical^ acceptable 
carrier. 

14. A method for preventing or reducing the seventy of an autoimmune disease 
comprising the step of administering a therapeutically effective amount of a 
pharmaceutical composition according to claim 13. 

15 The pharmaceutical composition of claim 13 wherein said APRIL or active 
fragment thereof comprises SEQ. ID. NO. 2 or a biologically active fragment 
thereof. 

16. A method for preventing or reducing the severit\ of an immune response to a 
tissue graft comprising the step of administering a :herapeuticall> etiectne 
amount of a pharmaceutical composition according m claim 13. 

17. A method for stimulating the immune -wem comprising administering the 
composition of claim 13. 

18. A method for suppressing the immune system comprising administering an 
effective amount of the pharmaceutical composition according to claim 1 ; 

19. A method for treating cancer comprising administering a therapeuticalK 
effective amount ot the pharmaceutical composition according to ciaim i.v 

20. A method tor identifying a receptor for APRIL compiling 

a. providing APRIL or a fragment thereof. 

b. labeling said APRIL or fragment thercot with a detectable label. 

c. screening a composition to detect receptors which bind to the detectabl 
labeled of step b 

21 A soluble biologically active iragment of the APRIL ot claim 1 1 



WO 99 12965 PCT1S98 19191 

- 3o - 

22. A polypeptide comprising an amino acid sequence that is encoded by a DNA 
selected from the group consisting of 

a. a DNA sequence comprising SEQ. ID. NO. 1; 

b. a DNA sequence that hybridizes to the DNA defined in a. and coding on 
expression for a polypeptide that is at least 40% homologous with the 
APRIL of claim 12. 

23. An antibody preparation that is reactive to APRIL or its receptor or biologically 
active fragments thereof. 

24 The antibody preparation of claim 23 comprising monoclonal antibodies 

2? A method tor producing an antibod\ preparation reactive to APRIL or is 
receptoi comprising the step of immunizing an organism with APRIL or 
receptor, or an antigenic fragment thereof. 

2b An antisense nucleic acid against APRIL comprising a nucleic acid sequence 
hybridizing to at least a portion of SHQ. ID. NO. 1 

2~ A pnarmaceutical-composuion comprising an antibody preparation according t« 
claim 24 

2S. A method of expressing APRIL m a mammalian cell comprising, 
a introducing a gene encoding APRIL into a cell; 

h. allowing said cell to live under conditions such thai said gene i- 
expressed in said mammal 

2^. A method ol treating a disorder related to APRIL m a mammal 

a introducing into a cell a therapeuucaiU eflectnc amount oi a \ecto: 
comprising a gene encoding APRIL; and 

b. expressing said gene m said mammalian cell. 
30 The method of claim 2 U wherein the mammal is a human. 



3 1 The method of claim 2 C ^ wherein said vector is a virus 



WO 99/12965 PCT/US98/191 91 

- 3 7 - 

32. A method of inducing cell death comprising the administration of an agent 
capable of interfering with the binding of APRIL to a receptor. 

33. The method of claim 32 further comprising the administration of interferon-y. 

34. A method of treating, suppressing, activating or altering an immune response 
involving a signaling pathway between APRIL and its receptor, said method 
comprising the step of administering an effective amount of a blocking agent 
capable of interfering with the association between APRIL and its receptor. 

35 The method of claim 34 wherein said immune response involves human 
carcinoma cells. 

36 A method of treating, suppressing or altering the progression of a cancer 
comprising adminstenng to a patient an effective amount of a blocking agent between 
Apni and its receptor capable of interfering with the association. 

3". The method of claim 36. wherein the blocking agent is a modified inhibitor) 
form of APRIL, or anti-APRIL antibodies or biologically active fragments thereof 

38 The method of Claim 37 wherein the blocking agent is an ant i- APRIL receptor 
antibodv 

39. The method of Claim 36 wherein the blocking agent is administered to a patient 
in combination with at least one chemotherapeutic agent. 



40 The method of claim ?V further comprising the step ot administering radiator, 
therapy to said patient. 
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Fig. 1 
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Fig. 2D 



Colon carcinoma Normal tissue 




Antisense Sense Antisense 
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Fig. 3 
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Fig. 4 
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Fig. 5 



Comparison Human and Mouse APRIL 



hAPRIL 
mAPRIL 

hAPRIL 
mAPRIL 

hAPRIL 
mAPRIL 

hAPRIL 
mAPRIL 

hAPRIL 
mAPRIL 



MGGPVREPALSVALWLSVJGAALGAVACAMALLT 
MGG SVRE PAL SVALWL SWGAVLG AVTCAVALL I 



QQTELQSLRRE\^SRLQGTGGPSQNGEGYPWQSLPEQSSDALEAWENGERS 
OTTELQTLRREVSRLQRSGGPSQK(^ERPWQSLWEQSPDVLEAWKDGAKS 

RKRRAVLTQKQKKQHSVLHLVPIJ^ATSKDDSDVT^ 

RRRRAVLTQKHKKKH SVLHLVP VNIT SKD- SDVTEVMWQPVLRRGRGLEA 

(^YGVRIQDAGTVYLLYSQVLFQDVTFTMGQVVSREGQGRQETL 

QGD I VRVWDTG I YLLY SQVLFKDVTFTMGQ WSREGQGRRETLFRCIRSM 



PSHPDRAYNSCYSAGVFHLHQGDILSVIIPRARAKLNLSPHGTFI^F 
PSDPDRAYNSCYSAGVFHLH(^DIITVTvIPRANAKLSLSP 
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SEQ ID NO: ) 



10 



701 
801 

20 851 
901 
951 



1 GGTACGAGGC TTCCTAGACG GACTGGAACC TAATTCTCCT G A G G CT G AGO 
51 GAGGGTGGAG GGTCTCAAGG CAACGCTGGC CCCACGACGG AGTGCCAGGA 
101 GCACTAACAG TACCCTTAGC TTGOTTCCT CCTCCCTCCT TTTTATTTTC 
5 AAGTTCCTTT TTATTTCTCC TTGCGTAACA ACCTTCTTCC CITCTGCACC 
20 ACTGCCCGTA CCCTTACCCG CCCCGCCACC TCCTTGCTAC CCCACTCTTG 
Si AAACCACAGC TGTTGGCAGG GTCCCCAGCT CATGCCAGCC TCATCTCCTT 
301 TCTTGCTAGC CCCCAAAGGG CCTCCAGGCA ACATGGGGGG CCCAGTCAGA 
35 1 GAGCCGGC AC TCTCAGTTGC CCTCTGGTTG AGTTGGGGGG C AGCTCTGGG 
401 GGCCGTGGCT TGTGCCATGG CTCTGCTGAC CCAACAAACA GAGCTGCAGA 
451 GCCTCAGGAG AGAGGTGAGC CGGCTGCAGG GGACAGGAGG CCCTCCCAG 
501 AATGGGGAAG GGTATCCCTG GCAGAGTCTC CCGGAGCAGA GTTCCGATGC 
5M CCTGGAAGCC TGGGAGAATG GGGAGAGATC CCGGAAAAGG GAGCAGTuC 
601 TCACCCAAAA ACAGAAGAAG C AGCACTCTG TCCTGCACCT GGTTCCCAT1 
6^ 1 AACGCCACCT CCAAGGATGA CTCCGATGTG ACAGAGGTGA TGTGGCAACC 
AGCTCTTAG* i CO TGGGAGAG OCOTACAGGC CCAAGGATAT GGTGTCCGAA 
TCC\GGATGC TGGAGTTTAT C1CC I'GTAI A G( CAGGTCCT GTTTCAAGA*. 
GTGACTTTCA CCATGGGTCA GGT ; jGTGTC'I CGAGA AGGCC AAGGA AGGL A 
GGAGACTCTA TTCCGATGTA TA »\G AAGTAT GCCCTCC CAC CCGGACCGG< . 
CC TAG A AC AG CTGCTATAGC GC-\GGTGTCT T( 'CATTTAC -\ CCAAGGGGAI 
ATTCTGAGTd TC\TAATTCC CO .GGCAAG< i ( .■ "GAAACT: \ ACCTCTC'K ( 



1001 AC-VTGGAACC TTCCTGGGGT TTG'IGAAAC I C -TG ATIGTGT TATAAAAAi > , 
1051 GGCTCCCACiC TTGGAAGACC AGGGTGGGT A CAT -\CTGG \G ACAGCC AAGA 
1 101 GCTG AGTATA TAAAGGAGAG G<_.AATGTGCA G G A A C A G A G G C ATC TT O. K. i 
M si GGTTTGGC1 C CCCGTTCCTC ACTITTCCCT TTTCA'TTCCC ACCCCCTAGA 
P01 CTTTGATTTT ACGGATATCT TGC ITCTGYI CCCCATGGAG CTCCGAATT'. 
1 25 1 TTGCGTGTGT GTAG ATGAGG GGCGGGGG \C GGGCGCC \GG CATTGTI (. AC . 
Pol ACCTGGTO iG GGCCCACTGG A VTCATCC \C, VXCAGCACCA CCATCTT \ 



3«- SEQ ID NO 2 

1 MPASSPEL1 A PKGPPGNMGG PVREPALSVA I AVI SWGAALG AVACAMALL 1 
si QQTELOSLRR EVSRLQGTGG PSQ\GEGYPU nsLPP.QSSlVX EEAWENGER.* 
101 RKRR \\'IV. »K OKKQHSVLHI. VPINATSKDI) SDVTEVMW QP ALRRGRGl O 
1 s i QGYGYRIQ1 >A GYYLEYSQYI PQDYTPTMCQ \ \ SkhGQGPQ ETLERCIRSM 
7 , PSHPDP-\Y\S CYSAGVFHLH QGDILSYIir KARAKLNT.SP HGITEGFVKI 



SEQ ID NO / 




651 CCACTATCTG GGCTTTGAGT CCATGGATAT TAAAAAAGTA GAATATTTTG 



WO 99/12965 



2 



PC77US98 19191 



SEQ ID NO 4 

1 MGGSVREPAL SVALWLSWGA VLGAYTCAVA LLIC'CTELv-S LRREV3RLQR 

51 SGGPSQKQGE RPWQSLWEQS PDVLEAWKDG AKSRRRRAVL TQKHKKKHSV 

101 LHLVPVNITS KDSDVTEVMW QPVLRRGRGP GGQGDIVRVW DTGIYLLYSQ 

151 VTjFHDVTFTM GQWSREGQG RRETLFRCIR SMPSDPDRAY NSCYSAGVFH 

201 LHQGDI ITVK IPRANAKLSL SPHGTFLGFV KL 
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